Itch, a skin sensation that provokes the desire to scratch, accompanies various skin diseases such as atopic dermatitis. Although H 1 histamine-receptor antagonists are the drugs of first choice for the treatment of itch, many pruritic diseases except acute urticaria do not show a good response.
were purchased from Sigma (St. Louis, MO, U.S.A.). Substance P and histamine were purchased from Peptide Institute, Inc. (Osaka, Japan) and Wako Pure Chemical Industries, Ltd. (Osaka, Japan), respectively. Ser-Leu-Ile-Gly-Arg-Leu-NH 2 (SLIGRL-NH 2 ) was synthesized and identified by JBL with a peptide synthesizer PSSM-8 (Shimadzu Co., Kyoto, Japan) and a matrix assisted laser desorption/ionization timeof-flight (MALDI TOF)-MS Autoflex T1 (Bruker Daltonics, Billerica, MA, U.S.A.), respectively. These agents were dissolved in physiological saline and injected intradermally in a volume of 50 ml into the rostral skin of mice, the hair of which was clipped a day before the experiment was conducted.
Preparation of the Methanol Extract of G. lucidum (MEGL)
The dried powder (1 kg) of G. lucidum (Koshiro Co., Ltd., Kyoto, Japan) was extracted three times with methanol for 3 h and the methanol extract was then dried; the yield of MEGL was 17.8%. MEGL was suspended in 5% gum arabic before use and was administered orally 1 h before the pruritogen injection.
Behavioral Observation The animals were put into an acrylic cage containing four cells (13ϫ9ϫ40 cm) for at least 1 h for acclimatization. Immediately after an intradermal injection of the pruritogen, they were put back into the same cells and their behaviors were videotaped for 1 h with personnel kept out of the observation room. The frequency of scratching around the injected site by the hind paw was counted by video playback. Since the mice rapidly and almost continuously scratched for about 1 s, a series of these movements was counted as one bout of scratching with a hand-held counter (Line Seiki Co., Ltd., Tokyo, Japan) at 10-min intervals throughout the 60-min observation period.
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Data Processing Data were presented as means and S.E.M. Statistical significance was analyzed using Dunnett's multiple comparisons; pϽ0.05 was considered significant. ing Since maximal or submaximal scratch-eliciting effects were observed after the intradermal injections of 5-HT (100 nmol/site), a-methyl-5-HT (100 nmol/site), SLIGRL-NH 2 (50 nmol/site), histamine (100 nmol/site), substance P (100 nmol/site), and compound 48/80 (10 mg/site), [9] [10] [11] [12] these doses were used in the present study. In control mice which were given intradermal pruritogens after oral vehicle administration, the maximal scratching responses were observed during the initial 10-min period after the injection in all cases (Fig. 1) . When MEGL (300 mg/kg in the case of 5-HT and 1000 mg/kg in the others) was administered orally 1 h before pruritogen injection, it inhibited scratching induced by 5-HT, a-methyl-5-HT, and SLIGRL-NH 2 ; inhibition was obvious during the initial 10-min period (Figs. 1A-C). MEGL (1000 mg/kg) did not affect scratching induced by histamine, substance P, and compound 48/80 (Figs. 1D-F).
RESULTS

Effects of MEGL on Pruritogen-Induced Scratch-
MEGL (10-300 mg/kg) produced a dose-dependent inhibition of 5-HT-induced scratching ( Fig. 2A) . Scratching induced by a-methyl-5-HT was also attenuated by MEGL (100-1000 mg/kg) in a dose-dependent manner (Fig. 2B) . MEGL (100-1000 mg/kg) produced a dose-dependent inhibition of scratching induced by SLIGRL-NH 2 (Fig. 2C) . On the other hand, it (100-1000 mg/kg) did not suppress the scratching induced by histamine, substance P, and compound 48/80 (Figs. 2D-F) . DISCUSSION MEGL suppressed the scratching induced by intradermal SLIGRL-NH 2 , a PAR 2 receptor agonist, 16) and 5-HT in mice. The PAR 2 receptor agonist tryptase has been suggested to be involved in pruritus of atopic dermatitis 17, 18) and 5-HT is in pruritus of polycythemia vera. 19) Thus, it is interesting to examine the effects of MEGL on these H 1 histamine-receptor antagonist-resistant pruritic diseases. Compound 48/80 can elicit scratching through mast cell-independent mechanism. 20) However, in ICR mice used here, compound 48/80-induced scratching is suppressed by H 1 histamine receptor antagonists 12, 21) and tryptase inhibitor, 21) suggesting the involvement of mast cell mediators in compound 48/80-induced scratching. With these findings taken into account, the result that MEGL did not inhibit scratching induced by compound 48/80 suggests that the mast cell is not the primary site of the antipruritic action of MEGL. Thus, the mechanism of antipruritic action of MEGL is different from those of chloroform extract and triterpene constituents (ganoderic acids) of G. lucidum, which have been shown to inhibit the release of histamine from mast cells. 4, 5) It is intriguing to identify the constituent(s) responsible for the mast cellindependent antipruritic action of MEGL.
MEGL inhibited the scratching induced by the PAR 2 receptor agonist SLIGRL-NH 2 . PAR 2 receptor is expressed by epidermal keratinocytes in high densities. 17, 18) MEGL did not inhibit scratching induced by substance P, although this peptide when injected intradermally acts on keratinocytes to release several itch mediators, 22, 23) suggesting that MEGL does not inhibit epidermal keratinocytes. Therefore, keratinocytes may not be the main site of the inhibitory action of MEGL. PAR 2 receptors are also expressed in primary sensory nerves 17, 24) and PAR 2 receptor agonist increases intracellular Ca 2ϩ ions in primary cultures of dorsal root ganglion neurons. 24) Thus, the possible site of MEGL action is the primary afferents. PAR 2 receptor agonist-induced scratching is not inhibited by H 1 histamine receptor antagonist.
11) Capsaicin pretreatment inhibits itching induced by cowhage, probably its constituent protease mucunain, but not by histamine in humans, and in contrast, H 1 receptor antagonist inhibits itching induced by histamine, but not by cowhage. 25) Superficial dorsal horn neurons may receive itch signals. 26, 27) The stimulation of PAR 2 or histamine receptor in the skin causes Fos expression mainly in lamina I plus outer aspect of lamina II or inner aspect of lamina II, respectively, in mice. 14) Similarly, cowhage and histamine stimulation activates separate spinothalamic tract neurons in primates, 28) although one group reported that most superficial dorsal horn neurons were excited by both histamine and PAR 2 receptor agonist. 29) These findings taken together suggest that different groups of primary afferents are responsible for itching induced by PAR 2 receptor agonist and histamine. Thus, the present results that MEGL inhibited the scratching induced by PAR 2 agonist but not by histamine raise the possibility that MEGL exerts inhibitory effect on PAR 2 -expressing primary afferents.
MEGL inhibited the scratching induced by intradermal 5-HT and the 5-HT 2 receptor agonist a-methyl-5-HT. Scratching is induced by an intradermal injection of a-methyl-5-HT, but not that of 5-HT 1 receptor and 5-HT 3 receptor agonists; in addition, scratching induced by 5-HT is inhibited by 5-HT 2 receptor antagonists, but not by 5-HT 3 antagonists. 10) There are three 5-HT 2 receptor subtypes-5-HT 2A , 5-HT 2B and 5-HT 2C receptors.
30) The expression of 5-HT 2A , but not 5-HT 2B , receptor mRNA has been detected in murine dorsal root ganglia and skin (Yamaguchi and Kuraishi, unpublished observation). The expression level of 5-HT 2A mRNA was higher in the ganglia than in the skin. Immunohistochemical analysis showed that 5-HT 2A receptor-expressing cells are not present in healthy skin. 31) 5-HT 2C receptor mRNA was detected in the skin, but the expression level was low. Taken together, the present results suggest that MEGL acts on the 5-HT 2A receptor-expressing primary afferents to inhibit scratching.
Superficial dorsal horn neurons respond to intradermal injections of SLIGRL-NH 2 and 5-HT; 70% of PAR 2 agonistresponding neurons respond to 5-HT and 80% of 5-HT-responding neurons respond to PAR 2 agonist. 32) PAR 2 agonist and 5-HT cause Fos expression in the overlapping area of the superficial dorsal horn. 33) In our preliminary experiments, PAR 2 receptor and 5-HT 2A receptors were found to be in the same dorsal root ganglion neurons. Taken together, it is suggested that common primary afferents mediate itch signals elicited by the stimulation of 5-HT and PAR 2 receptors in the skin. Therefore, the present results that MEGL inhibited the scratching induced by SLIGRL-NH 2 and 5-HT raise the possibility that primary afferents expressing PAR 2 and 5-HT 2A receptors are the sites of MEGL action.
